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Science same bacterium that are unique to those strains. The two methods were conducted simultaneously. We evaluated the identification sensitivity, specificity, positive predictive values and negative predictive values of the 2 S aureus tests and recorded the time efficiency and costliness of each method to determine the appropriate circumstances for the use of each type of test.
Materials and Methods

Clinical Samples and Reference Strains
All 1300 specimens were obtained from patients in the Renmin Hospital of Wuhan University, Wuhan, China, from October 2010 through September 2011. These clinical specimens including 427 urine samples, 344 sputum samples, 342 blood samples, 96 cerebrospinal fluid samples, 47 joint fluid samples, and 44 pleural fluid samples. Each clinical sample was divided and transferred into 2 parts, one for the conventional culture identification and the other for FISH and PCR tests.
The reference strains S aureus (ATCC 25923), Staphylococcus epidermidis (ATCC 12228), Staphylococcus saprophyticus (ATCC 49907), and Staphylococcus capitis (ATCC 146) were purchased from the American Type Culture Collection (ATCC). These strains were stored at -80°C until testing.
Culture and Sample Preparation
Reference strains stored at -80°C were inoculated onto 5% sheep blood agar plates (bioMérieux, Marcy l'Etoile, France) and incubated at 37°C for 18 to 24 hours, according to the manufacturer's recommendations. Colonies were removed with a sterile plastic loop and suspended in 100 μl of sterile water. These bacterial suspensions were adjusted to 1 MacFarland standard (used to visually approximate the concentration of cells in a suspension). Each suspension was divided; one part was used for FISH examination and one part was used for PCR analysis.
The urine and sputum specimens were first separately cultured for 18 to 24 hours. S aureus colonies were then prepared for the bacterial suspension in the same manner. Each suspension was divided into 2 parts; one part was used for FISH examination and one part was used for PCR analysis. The clinical samples collected for asepsis evaluation, including positive blood media, cerebrospinal fluid, joint fluid, and pleural fluid, were centrifuged at 5000 × g, 4°C for 3 minutes; the supenatant was removed. The cell pellets were washed 3 times with physiological saline. Finally, the pellets were resuspended in physiological saline (0.5 mL). Each suspension was divided into 2 parts: one was used for FISH examination and the other was used for PCR analysis.
All samples were identified by conventional Gram staining, seeding in different subculture media, and using an API test system (bioMèrieux). Each blood sample was divided and transferred into 2 bottles, one for aerobic growth and the other for anaerobic growth. These bottles were incubated using the BacT/ALERT microbial detection system (bioMèrieux). The positive cultures were further processed for identification by conventional culture methods (described earlier herein).
FISH Methods
Sample Fixation and Preparation of Cell Smears
Three μl of the bacterial suspension (from the sample preparation step) was spotted onto a cleaned glass slide and allowed to air dry. Then, the glass slide was immersed in paraformaldehyde (4% in sodium perborate [PBS] ) and fixed for 10 minutes. The cell pellet was washed 3 times with PBS for 1 minute. Finally, the glass slides were rinsed with deionized water and allowed to air dry.
FISH Assay
The FISH method has been described previously:
10 glass slides bearing S aureus and CoNS were incubated in 95% ethanol (for 5 minutes each). Staphylococci were incubated with lysozyme (1 mg/mL for 10 minutes, at 30°C), followed by lysostaphin (Sigma-Aldrich Co LLC, St. Louis, Missouri) (1 mg/mL for 5 min, at 30°C); each enzyme was dissolved in 10 mM Tris buffer (pH, 8.0). The slides were washed and 5 ng of each oligonucleotide probe (5'-AGA GAA GCA AGC TTC TCG TCC GTT C) (25 monomerie unit; Life Technologies Corporation, Carlsbad, California) were added to 10 mL of hybridization buffer (20 mM Tris-HCl, 0.9 M NaCl, 0.1% SDS, 20% formamide, pH, 7.2). The slides were then incubated for 60 minutes at 48°C in a humidified chamber. The slides were washed, air dried, and analyzed via fluorescence microscopy (×100 magnification; Olympus IX-70; Olympus Corporation, Tokyo, Japan) with a fluoroscein isothiocyanate (FITC) filter (absorption wavelength, 494 nm; emission wavelength, 518 nm).
PCR Detection
A 50 μL bacterial suspension was prepared, as described in the previous paragraph. Bacterial suspensions were centrifuged at 7000 × g for 3 minutes; then the supernatant was removed. The precipitate was resuspended in 45 μL TE (10 mM Tris-HCl, 1 mM ethylenediaminetetraacetic acid [EDTA], pH, 8.0), and 5 μL of lysozyme (20 mg/mL) (SigmaAldrich Co LLC) was added. The mixture was incubated in a water bath (30 minutes, at 37°C) and then incubated in a second water bath (10 minutes, at 100°C). Finally, the suspension was centrifuged at 12 000 × g for 10 min at 4°C, and 3 μL aliquots were used as the template for the PCR reaction.
Primers for PCR Amplification
The primers used for S aureus were forward, 5'-AAC TCT GTT ATT AGG GAA GAA CA-3' (23 mer) and reverse, 5'-CCA CCT TCC TCC CCG TTG TCA CC-3' (23 mer). These primers were purchased from Life Technologies Corporation.
PCR Amplification
The final concentration of the primer pairs was 10 μmol/L. The reaction conditions used were 25 mmol/L MgCl2, 2 mmol/L deoxynucleotide triphosphates (dNTP) and 1 U/μL Taq DNA polymerase in KCl buffer. For the reaction mixture, 2.5 μL of extracted DNA template were added to each tube. Sterilized deionized water was added to produce a final volume of 25 μL. The bacterial samples were amplified with the previously described species-specific primers. A GeneAmp PCR System 2400 (F. Hoffman-La Roche Ltd, Basel, Switzerland) was used; the thermocycling conditions were 94°C for 5 minutes, followed by 35 cycles of 94°C for 1 minute, 58°C for 1 minute, and 72°C for 90 seconds, with a final extension at 72°C for 10 minutes. Each PCR product was analyzed by electrophoresis using 1.5% agarose gels containing 0.5 mg/mL of EtBr. 
Results
Results of Culture Test
Identification Results by FISH and PCR Method
FISH and PCR methods both correctly detected S aureus (ATCC25923) and gave negative results for the CoNS (S epidermidis, S saprophyticus, and S capiti). Among the 131 Staphylococcus-positive clinical specimens, 67 tested positive for the S aureus pathogens via the traditional culture method. The FISH method identified all 67 of the S aureus pathogens; PCR identified 66 of the S aureus pathogens (98.5%), missing only one (from a blood sample). Blood samples were then tested via direct specimen testing. Results obtained from different clinical specimens via FISH and PCR methods are shown in Table  2 . The FISH and PCR methods showed strong correlation compared with the results obtained by conventional culture methods ( Table 3 ).
The time required for the culture method was 24 to 48 hours. For the urine and sputum specimens, additional culture time is needed (12-24 hours). FISH required approximately 3 hours, without taking into account the 12-to 24-hour culture time. In contrast, the time needed for the PCR test was approximately 4 hours ( Table 4) . 
Discussion
Conventional identification of a microorganism from a clinical specimen requires 24 to 48 hours. A rapid, sensitive, and specific method is crucial for the identification of pathogens. [11] [12] Kempf et al 5 reported probes with a sensitivity and specificity of 100% using the FISH method; Pechorsky 13 concluded that PCR is a specific and precise method for identifying pathogenic bacteria in blood samples. Our study evaluated 2 molecular assays, FISH and PCR; our results were in agreement with those of other studies. 5, 13, 14 The FISH and PCR methods used in these published studies were based on 16S rRNA, which, as a combination of highly conserved ribosomal rna and highly variable regions, enables the synthesis of specific probes and primers targeted to various phylogenetic levels without performing cultures. [14] [15] [16] A total of 161 gram-positive clinical samples were identified by conventional microbiological identification methods and FISH and PCR molecular methods. Compared with the standard culture method, the total diagnostic accuracy of all clinical specimens of the 2 molecular methods is high ( Table 2, Table 3 ). The FISH and PCR methods both satisfied requirements for S aureus detection.
One S aureus specimen in our series tested negative via PCR; this error resulted from a blood sample that was collected from a patient with multiple myeloma. Immunoglobulin G, which is a major inhibitor of diagnostic PCR, was elevated in this specimen. 17 After twice washing with Tris/EDTA (TE) buffer, purifying the isolate, and retesting it via PCR, a positive result was obtained. For a small clinical laboratory, the FISH method is much more appropriate than the alternatives. However, for a laboratory with standard room conditions, the costs of the reagents are lower with PCR, making this method preferable.
In conclusion, FISH and PCR methods are promising laboratory tools for the rapid and accurate identification of S aureus in clinical samples. However, considering the cost of materials and variability in room conditions, FISH is more appropriate for the testing of a few specimens, whereas PCR is more appropriate for a large number of specimens. LM
